Este trabalho descreve um procedimento rápido e eficiente para a separação e identificação de alcalóides indólicos do extrato etanólico de Tabernaemontana fuchsiaefolia (Apocynaceae). As frações alcaloídicas obtidas dos extratos etanólicos (das folhas, das cascas do caule e das cascas das raízes) foram fracionadas e analisadas por cromatografia em camada delgada (CCD) e por cromatografia gasosa acoplada a espectrometria de massa (CG-EM). Foram identificados os alcalóides indólicos ibogamina, coronaridina, pseudoindoxil ibogaina, hidroxiindolenina voacangina, pseudoindoxil voacangina, tabernantina, catarantina, voacangina, 19-oxovoacangina, 10-hidroxicoronaridina, afinisina, 16-epi-afinina, voachalotina, ibogalina e conofaringina. This paper describes a fast and efficient procedure to separate and identify indole alkaloids from the ethanolic extract of Tabernaemontana fuchsiaefolia (Apocynaceae). The alkaloidal fractions obtained from ethanolic extracts of leaves and stem barks and root barks were fractioned and analyzed by Thin-Layer Chromatography (TLC) and by Gas Chromatography coupled to Mass Spectrometry (GC-MS). The following indole alkaloids were identified: ibogamine, coronaridine, ibogaine pseudoindoxyl, voacangine hydroxyindolenine, voacangine pseudoindoxyl, tabernanthine, catharanthine, voacangine, 19-oxovoacangine, 10-hydroxycoronaridine, affinisine, 16-epi-affinine, voachalotine, ibogaline, and conopharyngine.
Introduction
The genus Tabernaemontana belongs to the Apocynaceae family. Several species of this genus are used in folk medicine against many diseases: diarrhoea, skin affections, warts, syphilis, Hansen's Disease, cancer and insect bites. 1 The main constituents of the Tabernaemontana genus are indole alkaloids, a class of substances with a wide range of pharmacological activities: cholinesterase inhibitors, 2 analgesic, anti-inflammatory, bactericidal, oestrogenic, and stimulant and depressant of the central nervous system (CNS). 3 Taxonomy of the Apocynaceae family is quite complex and there are difficulties in its classification and terminology because there are a great number of synonyms. Both generic names, Tabernaemontana and Peschiera, have been used in Brazil and are matter of discussion. 4 Tabernaemontana fuchsiaefolia A. DC., known as "leiteira" (milk weed), is a common lactiferous tree that grows in pastures of the Brazilian States of São Paulo and northern Paraná. 5, 6 In Brazil, this species is commonly used to treat malaria. 7 Federici et al. 8 reported that the extracts of Tabernaemontana fuchsiaefolia stem and root barks have good in vitro activity against Plasmodium falciparum, the parasite responsible for malaria. 8 Casado et al. 9 showed that the crude extract obtained from Tabernaemontana fuchsiaefolia stem barks presented depressant activity in CNS and also provoked spontaneous stimulation in isolated rat womb. 9 One of the problems related to the use of vegetal crude extracts is the variation of concentration of their active ingredient due to crop time, place and soil properties. Therefore, the use of an analytical technique both simple and quick is desirable for the identification and quantification of the indole alkaloids present in 1373 Qualitative Determination of Indole Alkaloids of Tabernaemontana fuchsiaefolia Vol. 16, No. 6B, 2005 Tabernaemontana fuchsiaefolia crude extracts Among the various techniques used for the rapid identification of indole alkaloids, gas chromatography coupled to the mass spectrometry (GC-MS) is very efficient because it allows the simultaneous separation and identification of trace alkaloids in a complex mixture. [10] [11] [12] [13] [14] In the present study, we have used GC-MS to effect the analyses of alkaloid extracts from different parts of Tabernaemontana fuchsiaefolia.
Experimental

Plant material
Leaves, and stems and roots of Tabernaemontana fuchsiaefolia were collected on the Universidade Estadual de Maringá (UEM) campus in November 1999 and identified by Dr. Maria Conceição de Souza. A specimen of Tabernaemontana fuchsiaefolia (HUM no. Reg. 8,325) was deposited in the Biology Department herbarium of UEM.
Isolation of alkaloids
The stem bark alkaloidal extract (1.0 g) was fractioned on a neutral alumina chromatographic column eluted with CH 2 55.7 (OMe), 57.5 (C-21), 110.2 (C-7), 100.8 (C-9), 111.1 (C-12), 111.9 (C-11), 129.3 (C-8), 130.6 (C-13), 137.6 (C-2), 154.2 (C-10), 175.9 (CO 2 Me).
Conopharyngine (3)
Crystals, 1 7 .72 (1H, dd, J 0.9 and 7.5 Hz, H-9), 9.12 (1H, s, N-1-H). 13 ) for analysis. Fractions F1, F2, and F3 were analyzed by thin-layer chromatography (TLC). Only F1 was analyzed by GC-MS. 15, 16 Five indole alkaloids (coronaridine, voacangine, voachalotine, 16-epi-affinine, and affinisine) isolated from the stem bark of Tabernaemontana fuchsiaefolia were used as standards in this study.
Affinisine (5)
Thin-Layer Chromatography
F1, F2, F3 and the five indole alkaloid standards were analyzed by TLC plates (0.20 mm thickness, silica gel Machery-Nagel) with toluene-ethanol-ammonia (aq.) (95:5:5, v/v/v) as an eluant. 15, 16 The plates were developed separately under UV light (254; 366 nm) and with Dragendorff's reagent, iodoplatinate, ferric chlorideperchloric acid (FCPA), and ceric sulphate-sulfuric acid (CSSA). The plates were subsequently heated with a hot-air blower until the characteristic coloured spots were visible. 17 
Gas Chromatography-Mass Spectrometry
GC-MS analysis was performed on a Shimadzu QP 2000A mass-selective detector with electron impact ionization (70 eV). The column used was a SE-30 (60 m x 0.25 mm i.d. and 0.25 μm phase thickness). Helium was used as a carrier gas at 0.7 mL min -1 . The injection temperature was 270 ºC. The column temperature was programmed to rise from 100 to 225 ºC at 15 ºC min -1 , from 225 to 260 ºC at 2.5 ºC min -1 , and from 260 to 300 ºC at 15 ºC min 
Results and Discussion
Fractionation of T. fuchsiaefolia alkaloidal stem bark extracts resulted in five indole alkaloids which had already been reported for this same species: coronaridine (1), voacangine (2), conopharyngine (3), 16-epi-affinine (4) and affinisine (5) . The indole alkaloids were identified by the usual spectrometric methods ( 1 H NMR, 13 C NMR, and MS) and also by comparison of their NMR data with those in literature. [18] [19] [20] All F1 alkaloidal fractions were analyzed by TLC using the isolated alkaloids as standards. Coronaridine (1), voacangine (2), conopharyngine (3), and 16-epi-affinine 1375 Qualitative Determination of Indole Alkaloids of Tabernaemontana fuchsiaefolia Vol. 16, No. 6B, 2005 (4) could be identified by their R f values and colours. TLC of fractions F2 and F3 showed the presence of polar constituents and they were not analyzed by GC-MS 15, 16 GC-MS analysis of F1 fractions with standards confirmed the presence of indole alkaloids coronaridine (1), voacangine (2), conopharyngine (3), 16-epi-affinine (4) and affinisine (5) . The presence of other ten indole alkaloids was evidenced by comparison with the NBS database from the GC-MS equipment itself and by comparison and analysis of each fragmentation pattern with data in the literature.
21, 22 The alkaloids identified in the alkaloidal extracts from T. fuchsiaefolia belong to the ibogan class (coronaridine-group and pseudoindoxylgroup) and to the corynanthean class (akuammidinegroup and vobasine-group). Table 1 shows GC-MS experimental data, retention time, M +· , and main fragments (their respective relative intensities) for indole alkaloids of fraction F1 from T. fuchsiaefolia. Table 2 shows the indole alkaloid contents in alkaloidal extracts obtained from various parts of T. fuchsiaefolia and some literature data. The GC-MS chromatographic profile of these fractions shows that the stem bark extracts have the largest number and the largest concentrations of alkaloids. The corynanthean alkaloid class (akuammidine-group and vobasine-group) was not detected in the leaves. Only voachalotine, an alkaloid belonging to the corynanthean class (akuammidinegroup), was detected, but in low concentration, in root bark extracts. Two alkaloids from this same class, 16-epiaffinine (the vobasine-group) and affinisine (akuammidine-group), were detected in stem bark extracts in higher concentration. Alkaloids with the ibogan skeleton, such as coronaridine, voacangine, ibogamine, and tabernanthine were present in all extracts analyzed, of which voacangine was the most abundant one. Coronaridine was more abundant in roots than in other parts analyzed. According to Delorenzi, 23 coronaridine, which is the main indole alkaloid, of the chloroform fraction obtained from the ethanolic bark extract of Peschiera australis, is responsible for its action against Leishmania amazonensis. The indole alkaloid voachalotine, which is the chemosystematic marker of this species¹, was detected in stem and root bark extracts.
Conclusions
Gas chromatography coupled to mass spectrometry (GC-MS) proved to be a valuable tool for the analysis of T. fuchsiaefolia monomeric indole alkaloids. A total of fifteen indole alkaloids could be quickly and easily identified in alkaloidal extracts from different parts of T. fuchsiaefolia. GC-MS retention time and standard addition provided the identity of five indole alkaloids present in the extracts. Mass spectrometry analysis confirmed the presence of alkaloids coronaridine, voacangine, voachalotine, 16-epi-affinine, and affinisine, and indicated the presence of ten other alkaloids. However, this method is limited to the analysis of less polar components, unless a derivation of the most polar components is provided. 14 Perivine, vobasine, vobasinol, heyneanine, voacristine, and 3-hydroxycoronaridine previously reported in T. fucshiaefolia, were not detected in this study probably due to their low concentration at collecting time or the isolation method used. We have used the neutral method (ethanol) to prepare the extracts for GC-MS analysis, while the alkaloids 8, 24, 25 reported were obtained by either acid or basic methods.
